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ABSTRACT
PZT powder precipitate has been prepared by hydrolyzing a
mixture of lead di-i-propoxide, zirconium tetra-n-butoxide and
titanium tetra-i-propoxide. The crystallization process of the
amorphous PZT was studied by means of X-ray diffraction
analysis. It was found that the powder precipitate was still
amorphous on heating until 400°C for 2k As an intermediate
product, metastable cubic Pb2Ti206 (pyrochlore phase) was
found after heating at 450°C for 2h. In addition to Pb2Ti206
peaks, the diffraction peaks of perovskite PZT phase were
observed after heating at 430°C for 24 h. After heating at 600 °C
for 2h, only diffraction peaks of tetragonal perovskite PZT phase
were found. The lattice parameters of the tetragonal PZT have
been obtained to be a=4.066 ..4 c=4.196 ..4. This tetragonal
perovskite phase was stable on heating until 1000 "C. The density
of the compacted powder precipitate after heating at 1000°C (a
relatively low temperature for the sintering of PZT) for 30 min.
was 6.1 g/cm3, about 76% of the theoretical value.
INTISARI
Endapan bubuk PZT dibuat dengan metode hidrolisa dengan
mencampurkan timbal di-isopropoksida, zirkonium tetra normal-
butoksida dan titanium tetra isopropoxida. Proses kristalisasi
amorphous PZT dipelajari dengan menggunakan analisa difraksi
sinar X. Endapan bubuk masih tetap amorphous pada pemanasan
sampai 400°C selama 2 jam. Sebagai hasil antara, meta stabil
kibik Pb2Ti206 (fasa 'pyrochlore} diperoleli setelah pemanasan
450°C selama 2 jam. Setelah pemanasan 430°C selama 24 jam,
disamping puncak-puncak difraksi Pb2Ti206, juga teramati
puncak-puncak difraksi dari fasa perovskite PZT. Setelali pe-
manasan 600°C selama 2 jam, dapat diperoleli puncak-puncak
difraksi fasa tetragonal perovskite PZT sa]a, dengan parameter
kisi a = 4.066..4, c = 4.196..4. Fasa tetragonal perovskite ini tetap
stabil sampai pemanasan 1000°C. Berat jenis dari endapan bubuk
yang telali dipadatkan dan dlpanaskan 1000°C (relatif pada suhu
rendali dari pada sintering PZT) selama 30 menit adalali 6.1
g/cm3, yaitu sekitar 76% dari harga berat jenis secara teorltis.
INTRODUCTION
High purity sub micron ceramic powders being of par-
ticular interest for the preparation of dense ferroelectric
ccrarn ic powders have been investigated [1, 2, 3], but the
main problem of consistently producing stoichiometric
high purity sub micron powders remain unsolved. Since
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the powder synthesized by hydrolysis of metal alkoxides is
fine, and has homogeneous chemical composition [4], the
metal alkoxide method has recently been applied in many
fields to prepare the starting powder. The alkoxy-derived
powder has advantages for use particularly in electro-
ceramics processing [5].
The subsolidus phase diagram of the system PbTi03-
PbZr03 is shown in Figure 1 [6]. This piezoelectric lead
zirconate titanate, PbZrxTi1-x03 (PZT) ceramics are in-
creasingly being used as components in electronic appli-
cations where they serve as ceramic resonators in electrical
filters, flexure elements for stereo pickup, transducers for
ultrasound imaging, etc.[6] The electro mechanical res-
ponse of these ceramics is maximum [7] when x corres-
ponds to the composition of the morpotropic phase
boundary (MPB) which separates the tetragonal (T) and
rhombohedral (R) phases (Figure 1) towards Ti-rich and
Zr-rich sides, respectively. The precise determination of the
MPB composition range, which is believed [8] to be quite
narrow, has, therefore, attracted immense interest. Thermo-
dynamically, the MPB is expected to be a two-phase region
over which the rhombohedral and tetragonal phases should
coexist. However, the coexistence of the two phases can
also be due to composition fluctuations at the Zr/Ti site
because of the sensitivity of the crystal structure (tetra-
gonal/rhombohedral) to small variations in x around the
MPB composition. To avoid compositional fluctuations at
the Zr/Ti site (in conventional process is PbTi03 formation
[7, 9]), the use of hydrolysis method preferable than the
conventional one, because PbTiO did not occured and
ferroelectric powders of the correct stoichiometric com-
position are readily obtained.
In this study, the preparation of PZT powder precipitate
near MPB (which has very good ferroelectric properties)
by hydrolysis of metal alkoxides was performed.
Furthermore the effects of heating temperature on PZT
powder precipitate and their crystallization behaviours
were discussed. By using this hydrolysis method, the ferro-
electric powder of the correct stoichiometric composition,
fine powders, uniform mixture, better prevention of
contaminats thus producing high purity powder and low
crystallization temperature can be obtained.
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Figure 1. PbTi03-PbZr03 sub-solidus phase diagram pc. cubic phase
(paraelectric); Ao. orthorhombic phase (antiferro-electric); Ar•
tetragonal phase (antiferroelectric); FR(L1} low temperature
rhombohedral phase (ferroelectric); FR(lfI» high temperature
rhombohedral phase (ferroelectric); F:r. tetragonal phase
(ferroelectric).
EXPERIMENTAL
Aparatus
Glass reaction vessel for coprecipitation reaction,
Thermogravimetric-Differential Thermal Analysis (TG-
DTA, TAS 100, Rigaku Co.), Scanning Electron Mi-
croscopy (SEM, JMS-5200, JEOL Ltd.), Transmission
Electron Microscopy (TEM, JEM-2000 FX II, JEOL Ltd.),
Energy Dispersive X-ray spectroscopy (EDX, JEOL Ltd),
Fourier Transform Infra Red spectroscopy (FTIR, DigiJab
FTS-65 made in BIO-RAD), X-ray diffraction (RAD-C
system, RTP 300, Rigaku Co.), LCR meter (Ando electric
Co, type AG-430lB).
Materials/Reagents
CHEMICAL
Lead di-i-propoxide
Pb(iso-OC3H7h
Titanium tetra-i-propoxide
Ti(iso-OC3H7}4
Zirconium tetra-n-butoxide
Zr(OC4H9}4
Normal propanol
CH3CHzCHzOH
SPECIFICATIONS
supplied by Soekawa Chemicals
minimum assay, 99%.
supplied by Soekawa Chemicals
minimum assay. 99%.
supplied by Soekawa Chemicals.
supplied by Junsei Chemicals
minimum assay, 99.5%.
Experimental procedure
The metal alkoxides, Pb(iso-C3H70h, Ti(iso-C3H70)4
and Zr(OC4H9)4, were dissolved into I-propanol solution
at 95°C for 4h. The metal alkoxides solutions were then
hydrolyzed at 95°C for 2h by adding I-propanol/water
solution slowly, and ensure that the reaction has been
completed. As the result, the precipitate was obtained. The
concentration of the total alkoxides was 7.72x10-2 mol/l.
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Twenty times of the theoretically required amount of H20
for hydrolysis was used. The powder precipitate dried at
90°C for 18h was characterized by TG-DTA, SEM, TEM,
FTIR, and X-ray diffraction before and after heating at
various temperatures. The dielectric constant of powder
precipitate which had been pressed at 4 MPa into disk form
and then heated at 1000°C for 30 min. was measured with
an LCR meter at 1 kHz in the temperature range between
25 to 400°C. The diameter of the disk was about 7 mm and
either faces of the disk was spattered with gold to form
electrodes. The 2-terminal arrangement was employed, and
correction for the stray capacitance was made.
RESULTS
TGAandDTA
About 20 mg powder precipitate sample was analyzed
by TG-DTA analyzer at a heating rate of lOoC min"! and a
DTA range of 100 mY. Figure 2 shows the TG-TDA
curves of powder precipitate after drying at 90°C for 18h.
A sharp exothermic peak accompained the weight losses
at about 300°C and a small exothermic peak near 450°C.
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Figure 2. TGA-DTA curves of powder precipitate PZT with heating rate
lO'C/min.
X-ray diffraction
The X-ray diffraction patterns for dried powder pre-
cipitate at room temperature and 90°C for 18h showed that
they were amorphous. Then the dried powder precipitate
was heated at various temperatures to conform with results
from DTA thermograms. The heating of powder precipitate
was carried out in an alumina crucible. The results of X-ray
diffraction examination did not show significant change of
diffraction peaks after heating at 400°C for 2h. After
heating at 450°C for 2h, diffraction peaks for PZT and
metastable cubic Pb2Ti206 were found. After heating at
500°C for 2h, the diffraction peaks of Pb2Tiz06 were
shrunk, and diffraction peaks of PZT were" intensified.
After heating at 600°C for 2 h., the diffraction peaks of
Pb2Tiz06 disappeared and the diffraction peaks of
perovskite PZT were only the peaks found (Figure 3).
The lattice constant of PZT powder precipitate were a=
4.0657A, c=4.1958A. This perovskite phase was stable
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until heated at 1000 °C for 30min. (Figure 4). The
diffraction peaks of perovskite PZT were also found by
heating at 430 °C for 24h. (Figure 5). This temperature is
about 70-270 °C lower than that reported in previous
studies [10, 11]. Table 1shows the measured d-spacings
of co-precipitation prepared PZT powder and d-spacing of
standard PZT(Zrffi = 52/48) crystal in tetragonal (ASTM
card 33-784) structure.
Table 1. Observed d-spacings of PZT sample prepared by hydrolysis
from metal alkoxides and d-spacing of standard PZT
(Zr/Ti=52/48) AS1M card 33-784.
2q Int. Width d III (hkl)
21.460 1081 0.480 4.137 7 (001)
21.920 1796 0.810 4.052 12 (100)
30.980 14976 0.630 2.884 100 (110)
38.300 2227 0.660 2.348 15 (111)
43.660 683 0.510 2.072 5 (002)
44.360 1411 0.570 2.040 9 (200)
44.920 1590 0.540 2.016 11 (201)
49.340 506 0.510 1.846 3 (102)
54.740 1909 0.900 1.676 13 (112)
55.560 2099 0.690 1.653 14 (211)
Intensity unit = CPS., Sys. Tetragonal. a=4.066 A, c=4.196 A
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Figure 3. X-ray diffraction patterns for PZT powder precipitate: (A)
dried at room temperature for several days, (B) dried at 9O·C
for 18h, and heated at (C) 350·C, (D) 400·C, (E) 450·C, (F)
500·C, (G) 600·C for 2h.
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Figure 4. X-ray diffraction patterns of powder precipitate after heating at
1000·C for 30 min.
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Figure 5. X-ray diffraction patterns of heated powder precipitate at
430·C for:(A) 2h, (B) 12h and (C) 24h.
Crystallite size
The crystallite sizes were calculated using the (111)
diffraction peak from the Sherrer formula [12]
D = 0.9t/6 cosa (1)
where D is the crystallite size and I is the CuKa radiation
wave length; and the corrected half width 6 of the
diffraction peak is
62 = Bobs - b2 .... ............• (2)
where Bobs and b are the observed line widths, at half
peak intensity, of crystalline PZT and Si high purity,
respectively. The Si peak was used as reference for instru-
ment calibration. The crystallite size of grain powder at
various temperatures; 450 °C, 500 °C and 600 °C were
365.2 A, 265.1 A and 178.2 A, respectively.
Infrared spectroscopy
Infrared spectra werf recorded on a DIGILAB FfS-65
spectrometer. About 1 mg powder samples were analyzed
by using the KBr disk method within a range of 4000 to
WAVE NUMBERS
Figure 6. Infrared spectra for the PZT powder precipitate: after aging at
90·C for 18h and after heating for 2h at 300, 400, 500 and
600·C.
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400 em-I. The loss of the residual organics and the for-
mation of metal-oxygen. bonds samples were followed
using FfIR spectroscopy (Figure 6). The broad bands
around 3450 em"! may result from free moisture or -OR
groups. The band at around 1500-1300 em"! indicated the
presence of residual organics [13]. The strong band at
around 600 em"! indicated metal-oxygen band.
Dilatometric measurement
The green density of disks produced by compacting up
to 4 Mpa powder precipitate was calculated from the
measured values of diameter, thickness and weight. The
initial density of the compacted dried powder was
approximately 2.7 g/cm". The green compact was heated
at various temperatures in the air at a heating rate of
10 °C/min. and hold at various temperatures for 30 min.
Changes of volume and densities after heating were shown
in Figure 7. After heating up to 500°C, a large shrinkage
of about 46% was occurred, and density was still low (4.3
g/cm"), This was due to the combustion of residual
organics, dehydration and rearrangement. After heating
from 500°C to 800 °C, the increase of shrinkage and
density was less significant, due to the crystallization. After
heating above 800°C, the shrinkage and densification due B
to sintering were also occurred. The final density (after
heating at 1000 "C) of the disk was 6.1 g/cm '
corresponding to approximately 76% of the theoretical
density, which is approx. 8.0 g/cm ' f14].
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Figure 7. Volumetric shrinkage and density as a function of heating tem-
perature for PZT powder precipitate.
SEM and TEM photographs
Figure 8 shows the SEM photographs of the PZT
powder precipitate after drying at 90°C for 18 h and also
after heating at 600°C for 2h. The photographs shows that
after drying at 90°C for 18 h the PZT powder precipitate
had grains with an average size of about 0.7 um in dia-
meter. After heating at 600°C, the grains combined with
one another resulting in grains with an average size of
about 0.6 um.
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A
Figure 8. SEM photographs of PZT powder precipitate: after drying at
(A) 90·C for 18h and after heating at (B) 600·C for 2h.
Figure 9 shows a TEM photograph of the powder
precipitate after being dried at room temperature for several
days. This photograph shows that the particle size of the
powder precipitate is from 5 to 10 nm in diameter.
Figure 9. TEM photograph of PZT powder precipitate after aging at room
temperature for several days.
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Compositional analysis by EDX was carried out on powder
precipitate heated previously at 600°C for 2 h (Figure
10). The result was 56.29 : 22.98 : 20.73 ratio (atomic %)
ofPb : Ti: Zr.
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Figure 10. EDX spectra of PZT powder precipitate after heating at
600 ·C for 2h.
Dielectric properties
The heated disk ofPZT powder precipitate with density
of 6.1 g/cm'' was used as a sample. Figure 11 showed the
temperature dependence of the dielectric constant. The
dielectric constant of powder precipitate is higher than that
in film form [15].
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Figure 11. Temperature dependence of dielectric constant at 1 kHz for
powder precipitate compact after heated at 1000 ·C for
30min.
DISCUSSION
The DTA curve (Figure 2) showed the sharp exothermic
peaks accompanied the weight loss at around 300°C
attributed to the combustion of residual organic com-
pounds. The small exothermic peak near 450°C was due
to the crystallization of PZT. which was identified by X-
ray diffraction examination (Figure 3). This result is similar
to the results reported by Hirashima et.al. [16]. After
heating at 600°C for 2h, the absorption peaks in Figure 6E
showed a very strong metal-oxygen bands at 600 em and
these absorption peaks were very similar to that of lead
titanate and lead zirconate [17]. After heating the amor-
phous powder precipitate changed to perovskite PZT phase
via pyrochlore phase Pb2Ti206 (Figure 3). In addition to
Pb2Ti206 pyrochlore phase peaks, the diffraction peaks of
perovskite PZT phase were observed after heating at 430°C
for diffraction peaks of tetragonal perovskite PZT phase
were found. The lattice constants of perovskite PZT
structure were a=4.066 A, c=4.196 A. This result if being
adapted with data of relation between composition and
lattice constant (500°C) (Figure 12) [7] resulting in Zr/Ti
mole ratio of approximately 48/52. EDX results showed
that Zr/Ti mol ratio is 47.4/52.6. These results indicate
that the composition was shifted toward Ti rich (tetragonal
phase). As shown in Figure 4 and the peak search result in
Table 1, if being adapted with standard PZT crystal in
tetragonal structure; clearly this result is tetragonal
structure. On heating, this tetragonal perovskite phase was
stable until 1000°C. The density of the compacted powder
precipitate after heating at 1000°C (a relatively low
temperature for the sintering of PZT) for 30 min. was 6.1
~cm3, about 76% of the theoretical value.
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Figure 12. Relation between composition and lattice constant (550) [7J
CONCLUSIONS
PZT powder precipitate prepared from a mixed metal
alkoxides solution by hydrolysis was microspheres, about
0.7 mm in diameter. After heating of the amorphous
powder precipitate at 430°C for 24 h, diffraction peaks of
perovskite phase PZT were observed. Metastable cubic
Pb2Ti206 was suggested to be the intermediate product
of the crystalization process. After heating at 600°C for 2h,
only the diffraction peaks of tetragonal perovskite PZT
phase with lattice parameters of a=4.066 A, c=4.196 A and
the average diameter about of 0.6 mm were found. The
density of the compacted powder precipitate after heating
at 1000°C for 30 min. was 6.1 g/cm ' , about 76% of the
theoretical value. This compacted powder precipitate has
dielectric constant higher than that of the film form(15].
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KESIMPULAN
Ekstrak kasar enzim glukoamilse yang digunakan dalam
proses sakarifikasi memiliki Km 1,6526 mg/mL. Kecepatan
awal sakarifikasi meningkat sesuai dengan meningkatnya
volume enzim yang digunakan. Dengan menggunakan 5
mL enzim glukoamilase (11,65 U), proses sakarifikasi
mampu mengkonversi sagu 12,5% (b/v) menjadi glukosa
hingga 70 %, dan dari analisa dengan HPLC glukosa yang
dihasilkan mencapai 83,3% hidrolisis. Penambahan ion
logam Li+, Na+, K+, Mg+, Ca+ dan Ba+, pada konsentrasi
1 mM bertindak sebagai inhibitor, dan pada konsentrasi
0,2-0,8 mM bersifat aktivator enzim glukoamilase. Pada
konsentrasi 0,2 mM semua ion logam memberikan pe-
ngaruh yang paling besar sebagai aktivator dan Ca+
diantara ion-ion logam yang diuji memberi pengaruh yang
paling besar pada konsentrasi ini.
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